RUIT DROP and fruit quality are the most values in Washington navel orange since they are playing the main role in production and exporting potential. The current study was carried out during the two successive seasons of 2014 and 2015 on thirteen years Washington navel orange trees grown in sandy soil in a private orchard located at Housh Eissa, ElBehera Governorate, Egypt. The effect of GA 3 and NAA applied one week after full bloom on Washington navel orange trees was studied. The results showed that foliar spray of trees with GA 3 at 20 ppm+ NAA at 25 ppm at one week after fruit set increased significantly vegetative growth parameters such as (shoot length (cm), leaves number per shoot at the three growth cycles, as well as leaf area (cm 2 ) compared the other treatments and control. Spraying trees with GA 3 at 20 ppm+ NAA at 25 ppm decreased fruit drop percentage and increased significantly yield (kg/ tree), fruit physical parameters such as fruit weight (g), fruit size (cm 3 ) fruit length, fruit diameter (cm) and fruit juice in comparison to other treatments and control. Fruit biochemical characteristics such as TSS, total acidity, TSS/acid ratio and V.C were also positively affected by using this treatment compared with other treatments and control. It might be recommended that foliar spraying Washington navel orange trees with 20 ppm GA 3 and 25 ppm of NAA one week after fruit set gave the highest values of yield (kg) /tree, fruit physical and chemical properties.
Introduction
Washington navel orange (Citrus sinensis L. Osbeck) is one of the most important species in the genus citrus. In Egypt Washington navel orange ranked first among the species of citrus. It occupies about 35 % of the total cultivated area of citrus, since its acreage reached about 181091 feddans with total production of 1663284tons per year. According to the last census, issued by Ministry of Agriculture, Egypt (2015) . Yields are fluctuated in several zones because of need useful pollen, once in a while create suitable ovules and furthermore, are poorly parthenocarpic (Krezdorn, 1965) . Flower and fruitlet drop of navel orange happened in three stages and sum to a total 91%, giving a fruit set of 9% (Villafane, et al. 1989 ). Gibberellins and (NAA) have a board series of usages in citriculture; GA s have been used in citrus production with several purposes including flower reduction, improved fruitlet setting, enhancement of fruit superiority and improved ripening control (Agustí and Almela, 1991) . The treatment of GA 3 rapidly after flowering at concentrations ranged 10 and 15 p.p.m. can effect in delayed abscission and improved fruitlet set, mostly in Clementine tangerines (El-Otmani, 1992) . Though, the problem of June drop and pre-harvest fruit drop exists extensively in many Egyptian orchards, whereas, Washington navel orange is a parthenocarpic cultivar thus decrease in yield and fruit quality can affect it. Young parthenocarpic fruits tend to be more easily to drop than young fruits from pollinated flowers . The use of growth regulators to enhancing fruit set and fruit size has become important in agriculture today because they have the ability to increase vegetative growth, fruit set percentage, yield and fruit quality. GAs encourage cell division and elongation; increase stalk length, enhance flower and fruit volume of fruits, Auxins promote shoot elongation, thin tree fruit, and flower formation (Fishel, 2006) .The biological effects of applying growth regulators on plants have received much Egypt. J. Hort. Vol. 44, No. 1 (2017) H. A. HIFNY et al. attention due to their important use in agriculture: in particular, the economical application of growth regulators on flowers and fruits (as parthenocarpic, thinning, and elongating agents) and on shoot (as a controlling agent of plant height and lateral branching) (Whiting, 2007) . Hanafy et al. (2012) reported that foliar treatment of 30 ppm GA3 improved growth parameters of Washington navel orange trees. Eman et al. (2007) sprayed Washington Navel orange with GA 3 at 10 or 20 ppm one week after fruit set increased in final fruit set percentage and fruit yield (kg per tree) as compared to untreated plants. Kassem et al. (2012) studied the effect of foliar sprays of Washington navel oranges by GA 3 as a pre harvest treatment. They reported that fruit dimension, fruit juice content, vitamin C content, TSS% and total acidity % had increased in comparison with control. Greenberg et al. (2000) stated that fruit weight of Washington Navel orange was positively affected by spraying the trees once after fruit setting with NAA at 10-50 ppm. Treatments of growth regulators such as GA 3 and NAA separately or in mixtures on Washington Navel orange plants might increase fruiting potential and fruit superiority. Hence, this work designed to discover the result of foliar spraying Washington Navel orange trees with GA 3 and NAA on adjusting fruit drop percentage and increasing yield and fruit value of under new reclaimed land environments.
Material and Methods
This study was carried out during the two consecutive seasons of 2014 and 2015 on thirteen years old Washington navel orange trees [Citrus sinensis L. (Osbeck)] grown in sandy soil in a private orchard at Housh Eissa, El-Behera Governorate, Egypt. Washington navel orange trees were budded on citrus rootstock namely Sour orange (Citrus aurantium L.). The trees are planted 4 × 4 meters apart. All trees are irrigated using drip irrigation system. The chosen trees for the experimentation were similar in vigor and subjected to the same cultural practices that followed in the farm. The tested trees were sprayed with GA 3 and NAA either individually or in combinations 7 days after full bloom to study their effects on growth, yield and fruit quality of Washington navel orange as follows:
The treatments:
GA 3 and NAA were applied individually or in combinations, 7 days after full bloom as foliar spray on the trees as follows: T1: Control: trees were sprayed with water only. T2: GA 3 at 20 ppm. T3: GA 3 at 30 ppm. T4: NAA at 20 ppm. T5: NAA at 25 ppm. T6: GA 3 at 20 ppm + NAA at 20 ppm. T7: GA 3 at 20 ppm + NAA at 25 ppm.
A complete randomized block design was adopted in this experiment with 7 treatments where each treatment had three replicates with one tree per each. Each tree was received 10 L of the applied solution plus 5cm per liter of tween 20 to avoid the surface tension except those of control treatment which sprayed with water only.
Measurements: Shoot length (cm):
Twenty shoots/tree replicated 3 times (3 trees) were devoted to measure the shoot length (cm) periodically every week. It was repeated three growth cycles
Number of leaves/ shoot:
Twenty shoots per tree were chosen where 5 shoots per main branch (two years old), nearly uniform in diameter and length were labeled on 1 st March. Number of leaves/ shoot were recorded. It was repeated three growth cycles . Fruit physical characteristics At harvest, samples of twenty fruits of each tree replicated three times were devoted to determine the following fruit characteristics: Fruit weight (g), fruit volume (cm3) fruit peel weight (g) and fruit pulp weight (g).
Fruit yield (kg)/treatment -Fruit yield (kg)/ control Fruit yield increment = ×100 or reduction (%)
Fruit yield (kg)/ control
Fruit biochemical characteristics
Titratable acidity (%), TSS (%) and Ascorbic acid (vitamin C.) "mg/100 ml juice" were recorded. Statistical Analysis: A completely randomized block design was followed and the results were statistically analyzed using F-value test. The means were compared by L.S.D at the level of 5% probability according to Snedecor and Cochran (1980) . The obtained data were calculated using (COSTAT) program according to Stern (1991) .
Results and Discussion

Effect of GA 3 and NAA on vegetative growth of Washington navel orange cultivar:
Shoot length Trees were sprayed with the growth regulators GA 3 and /or NAA aqueous solution at different concentrations one week after fruit set stage for the two studied seasons. The results in Fig. 1 showed that the application of GA 3 and NAA increased significantly the three growth cycles (spring, summer and autumn flush shoot length) of Washington navel orange trees in comparison to untreated plants. The results are in agreement with those of Ghosh et al. (2013) who found that foliar spraying of sweet orange with 25 ppm GA 3 at starting from pea stage of fruit development (after fruit set) increased shoot length in comparison to that of control. The results also showed that the combination between NAA and GA 3 increased the spring flush shoot length (cm). The highest shoot length was obtained when the trees were sprayed with combination between GA 3 and NAA both at 20 ppm (T6) followed in descending order by (T5) NAA at 25 ppm, (T7) GA 3 at 20 ppm+ NAA at 25 ppm and (T3) GA 3 at 30 ppm. On the other hand, the lowest value of shoot length was obtained from "control" during the two studied seasons. Wang et al. (2013) found that foliar spraying of 'Cara cara' navel orange with GA 3 at concentrations of 10, 20 and 30 ppm during the early period of fruit growth increased significantly shoot length and leaf area in comparison to that of control. The improving effects of foliar application of GA 3 and NAA during one week after fruit set on the vegetative growth might be attributed to the stimulation of growth that leads to an increasing in shoot length. GA 3 and NAA are important growth regulators for the plant, since they are playing an important role is cell division and cell wall elongation and leads to the increase shoot length (Crosier et al., 2000) .
Number of leaves per shoot and leaf area (cm 2 )
The results in Table 1 showed that spraying trees with GA 3 at 20 to 30 ppm and NAA at 20 to 25 ppm significantly improved the number of leaves per shoot and leaf area compared to that of control. The results indicated that high concentration of GA 3 and NAA led to an increase in number of leaves per shoot and leaf area better than the low concentration, also the combination between GA 3 and NAA seemed to be better than individual treatments. Trees treated with GA 3 at 20 ppm+ NAA at 25 ppm significantly increased the largest number of leaves per shoot and leaf area followed by T6 (GA 3 at 20 ppm+ NAA at 20 ppm), T5 (NAA at 25 ppm) and T3 (GA 3 at 30 ppm) respectively in the both studied seasons compared to control. The result might be due to the promotion effect of NAA and GA 3 on improving growth characteristics. The current results are in contract with those of other workers who found that spraying Washington navel orange with GA 3 and NAA increased average leaf area of as compared with control (Singh et al. 2016) . Also, Maleknezhad et al. (2012) found that foliar spray of 'Satsuma' mandarin with GA 3 at 15 and 30 ppm at pre-harvest increased number of leaves compared with control. It is well known that foliar spraying of GA 3 has the capacity to encourage growth of plants and improvement in a variety of trial systems. This might be owing to the increase of photosynthetic rates or due to more effective use of photosynthetic yields. In this case, there are numerous different studies on the involvement of GAs with photosynthetic processes. Davies (1987) stated that NAA belongs to artificial forms of Auxins. Auxins show main role in cell elongation, cell division, vascular tissue, differentiation, apical dominance, leaf senescence and fruit abscission.
The increase in number of leaves per shoot at different vegetative growth cycles of navel orange might be due to that elongation that happened in shoot length (cm) as a result of foliar application with those of GA 3 and NAA. Crosier et al. (2000) reported that auxin is also required for cell elongation, and has different effects depending on the organ in which it is present; it encourages growth in the shoot and number of leaves per shoot in comparison with that of control. It could be concluded that all growth cycles of Washington navel orange responded positively to the foliar spraying of combinations between GA 3 and NAA since it stimulated the shoot length, number of leaves per shoot as well as leaf area in comparison with those of other foliar treatments or control. 
Effect of foliar spraying with GA 3 and NAA on fruiting
The results in Table 2 showed that NAA and GA 3 significantly reduced fruit drop percentage when compared with the untreated plants (control). On the other hand, yield (kg/ tree) and increment increased were significantly increased than control percentage in comparison to the control. The results showed that the high concentration of GA 3 and NAA gave an increase in estimated yield (kg/tree) and decrease fruit drop percentage better than the low concentrations and control. On the other hand, the results indicated that using combination between NAA plus GA 3 at 20+20 ppm gave the best results of yield (kg/tree) compared to using each one alone. The highest yield (kg/tree) was obtained by using GA 3 at 20 ppm+ NAA at 25 ppm in followed descending order by GA 3 at 20 ppm+ NAA at 20 ppm, NAA at 25 ppm and NAA at 20 ppm. On the other hand, the lowest yield (kg/tree) was obtained from control during the two studied seasons.
The results are in contract with the findings of Muñoz-Fambuena et al. (2012) who found that GA 3 applied at the floral bud induction period significantly increased fruit yield per tree of Washington navel orange. GA 3 is being used to improve the fruit set of parthenocarpic cultivars that tend to flower profusely. Similarly, Mohamed (2011) found that spraying Washington navel orange with GA 3 at concentration 10 ppm at 3 times (beginning of flowering, full bloom and after fruit set), gave the maximum fruit retention percentage, and yield/ tree, but reduced total fruit drop percentage as compared to the control. Also, Nawaz et al. (2008) found that foliar application NAA with concentration 20 ppm at two weeks after fruit set reduced pre-harvest fruit drop and increased in fruit yield, fruit weight of Kinnow mandarin trees compared to control. Moreover, Kojima et al. (1996) working on Satsuma mandarin, found a sequence of peaks of endogenous ABA, IAA and GA 3 concentrations in fruitlets, and concluded that these hormones may play a sequential and synergistic role in the retention and growth of fruitlets.
We can come to conclusion that foliar application with GA 3 and NAA at different levels decreased fruit drop percentage and increased yield (kg/tree) in comparison with that of untreated tree (control). The best foliar application which gave the highest values of yield (kg/tree) was obtained with GA 3 at 20 ppm+ NAA at 25 ppm compared with control and other treatments.
Effect of foliar spraying with GA 3 and NAA on some physical properties
Average fruit weight and fruit size Data in Table 3 indicated that spraying Washington navel orange with GA 3 + NAA either individually or combination improved the physical characteristics of such as fruit weight (g), fruit size (cm 3 ), specific gravity (g/cm 3 ) fruit pulp weight (g) and fruit Peel weigh (g) ( Table 3 ). The highest values of fruit weight (g), fruit size (cm 3 ), fruit peel weight (g) and fruit pulp weight (g) were obtained by using GA 3 at 20 ppm+ NAA at 25 ppm followed by GA 3 at 20 ppm+ NAA at 20 ppm, NAA at 25 ppm) and GA 3 at 30 ppm during both 2014 and 2015 seasons, respectively. On the other hand, the highest values of specific gravity (g/cm 3 ) was obtained from control treatment.This is due to the decrease in fruit weight and fruit size compared with all treatments. The results are in contract by that of (Abdrabboh, 2013) who found that spraying Manzanillo olive trees with GA 3 and NAA at concentrations fluctuated from 50 to 100 ppm improved the physical fruit properties than untreated plants (control). The present results may be attributed to stimulative influence of this bioregulator on cell extension and/or cell division. The increase in fruit size may be attributed to the increase in cell division and cell elongation caused by NAA and GA 3 (Ranjan et al. 2003) . Agrawal and Dikshit, (2008) reported that the application of NAA increased fruit weight and yield by causing cell elongation by enlargement of vacuoles and loosening of cell wall after increasing cell wall plasticity. Also, (Stern et al. 2007) reported that treatments of NAA encourage cell expansion in the fruit mesocarp, which in turn, causes an increase in fruit volume and yield.
Juice volume (cm 3 ) Data in Table 3 proved that juice volume was significantly increased by using GA 3 and NAA as compared with control in both seasons. Meanwhile, spraying trees with GA 3 only was superior to using combination of GA 3 plus NAA. The highest juice volume was obtained by using GA 3 at 20 ppm+ NAA at 25 ppm followed in descending order by GA 3 at 20 ppm+ NAA at 20 ppm and NAA at 25 ppm. The obtained finding are in contract with that reported by Baghdady et al. (2014) who reported that spraying Valencia orange trees with GA 3 at concentrations 15 or 25 ppm at full bloom stage increased fruit juice in comparison to those of control. Also, Farag and Nagy (2012) indicated that spraying Washington naval orange with NAA at concentration 25 ppm at full bloom increased juice volume as compared with the control. Also, Rokaya et al. (2016) reported that the increase in juice percentage of Mandarin may be explained by the fact that hormones play a regulating role in the mobilization of metabolites within a plant and it is well established fact that developing fruits are extremely active metabolic "sinks" which mobilize metabolites and direct their flow from vegetative structure.
Fruit length and diameter
Concerning the response of polar and equatorial fruit diameters to various GA 3 and NAA, Table 3 displayed obviously that different applied treatments of GA 3 and NAA significantly increased fruit length (cm) and fruit diameter (cm) in comparison with untreated plants t for the two studied terms. However, GA 3 at 20 ppm+ NAA at 25 ppm significantly increased the tallest polar and equatorial diameters, followed in descending order by GA 3 at 20 ppm+ NAA at 20 ppm, NAA at 25 ppm and GA 3 at 30 ppm in the two studied periods. The present results are in agreement with that reported by Abd El-Rahman et al. (2012) who reported that foliar application of Washington naval orange with GA 3 at 50 ppm at full bloom stage increased fruit diameter and fruit length. Similarly, Ghazzawy (2013) found that foliar application of Barhee date palm cultivar with NAA at 90 ppm at hababouk stage increased fruit dimensions in comparison to that of control. The increase in fruit dimensions (length and diameter) might be due to both the GA3 and NAA ability in the division and elongation of the fruit cells. (Stern et al., 2007) reported that treatments of NAA stimulated cell expansion in the fruit mesocarp, which in turn, caused an enhancement in fruit volume.
We can come to conclusion that foliar application of Washington naval orange with GA 3 and NAA at different levels increased fruit weight, fruit size, fruit length, fruit diameter and juice volume (cm 3 ) in comparison with that of untreated tree (control). The best foliar application was GA 3 at 20 ppm+ NAA at 25 ppm in comparison to untreated plants (control) and other application. Table 4 showed that all GA 3 and NAA application significantly improved TSS (%) in comparison to that of the untreated trees (control) in the two studied periods. The highest values of TSS percentage were obtained when trees were treated with GA 3 at 20 ppm+ NAA at 25 ppm followed in descending by GA 3 at 20 ppm+ NAA at 20 ppm and NAA at 25 ppm. Spraying Washington navel orange trees 7 days after full bloom with GA 3 and/or NAA either separately or in mixtures at all tested concentrations resulted in a decrease in total acidity% in comparison with control. In this regard, GA 3 at 20 ppm+ NAA at 20 ppm application recorded the least total acidity percentage in Washington navel orange fruits when compared with untreated plants (control) Khan et al. (2014) found that application with GA 3 at 20 ppm after fruit set increased TSS 'Blood Red' sweet oranges compared with control. The significant decline in total acidity might be attributed to the incitement happened in orange maturity, whereas the fruit ripened earlier than those of untreated plants (control) (Hifny et al. 2009 ).
Results in Table 4 showed that TSS/acid ratio significantly improved by increasing GA 3 and NAA rates in the two studied seasons when compared to untreated plants. Maximum values of TSS/Acid ratio were achieved after spraying the Washington navel orange trees with GA 3 at 20 ppm+ NAA at 20 ppm and NAA at 25 ppm. Insignificant difference in TSS/Acid ratio was noticed between these treatments and GA 3 treatments. These obtained results are in contract with that of Brahmachari et al. (1997) on Guava trees and with Hikal (2013) on Washington navel orange who found that TSS/acid ratio of fruits was improved while fruit total acidity was reduced by foliar spraying the plants with GA 3 at 25 ppm+ NAA at 20 ppm.
Vitamin C (mg/100ml) of fruit juice
Data in Table 4 showed that spraying Washington navel orange trees with GA 3 +NAA at different concentrations either individually or in combinations increased Vitamin C in comparison to that of untreated plants (control) in the two studied seasons. The highest values of Vitamin C were obtained when trees were sprayed with from GA 3 at 20 ppm+ NAA at 25 ppm. The obtained results are in contract with that reported by Hikal (2013) who revealed that foliar sprays Washington navel oranges with GA 3 at 20 ppm and NAA at 25ppm of at pre-harvest increased V. C when compared with that of control. Also, Kassem et al. (2010) found that foliar application of Costata persimmon trees with GA 4 at 20 ppm+ NAA at 25 ppm at pea stage increased V.C compared with control.
We can come to conclusion that foliar application of Washington navel orange with GA3 and NAA at different concentrations significantly increased TSS (%), Total acidity (%), TSS/ acid ratio and V.C (mg/100ml) of fruit juice in comparison with that of untreated tree (control). The best foliar application was obtained with GA 3 at 20 ppm+ NAA at 25 ppm in comparison to untreated plants (control) and other application.
